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Abstract 
 
          Port Sudan is the main port and largest commercial centre of the Sudan. 
It is the capital of the Red Sea State.  
          Population estimate in 2005 was about 600,000 inhabitants and the 
water demand estimated at 2005 was about 92,000 m3/ day. 
          Khor Arbaat ground water basin is the main source of water supply for 
Port Sudan town, which witnesses increase in water production.  
          Water production from Khor Arbaat is about 45,000 m3/ day in good 
years; however, it may go down to 30,000 m3/ day in bad years. The quantity 
of water available in the city for domestic consumption amounts to 45/l/c/day. 
This rate is very low compared with the recommended value by WHO.  
          Studies have been oriented to provide sustainable water supply for the 
town by developing Khor Arbaat water recourses by construction dams. 
Evaporation and Siltation decrease the storage capacity of the dams. 
          Other sources of water are considered besides Khor Arbaat source: 
• Desalination plant for Red Sea water. 
• Water supply from River Nile at Atbara, to provide 100,000 m3/ day to 
Port Sudan town and other locations. 
• Developing water sources in the vicinity of the town ( Khor Salom, 
Khor Mog and Khor Salalab )  
          The most feasible source for sustainable supply of water to the town is 
from River Nile. The estimated cost of the project is 345 million dollar. 
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Chapter 1 
Introduction 
 
 
1-1 Background  
 
          Port Sudan the capital of Red Sea State is experiencing severe shortage 
in water supply. 
 It is the capital of the Red Sea State. The present population is about 
600,000 inhabitants.  
The city is served from groundwater from alluvial aquifer under lying 
Khor Arbaat.  Water is drawn from shallow dug wells and deeper boreholes in 
the Khor bed. 
This is supplemented by a surface reservoir downstream of the wells 
together with the Saraf water, which goes directly into the transmission 
system. 
The quantity of water available in the city for domestic consumption 
amounts to be estimated as 45 L/C/day but in the Red Sea State as 19L/C/day 
{8}.The existing facilities for water supply and distribution show serious 
deficiencies. In general, the demand for water exceeds its availability and the 
overall situation of the city is characterized by regular shortages, which result 
in bad environmental condition. 
Port Sudan main source of water supply is khor Arbaat from which 
water is extracted with different methods. Supply from the Saraf, shallow dug 
wells, deeper boreholes and surface reservoir are the main methods. Water 
from these sources is collected into the transmission lines of different 
capacities which run towards the city each entering the distribution system at 
a different location.  
 The water gets into the transfer system without any treatment. The 
water from the transmission system either discharges into large reservoirs 
scattered in the city or branches directly into the distribution system of the 
city. Water from these reservoirs are then pumped into the distribution system 
upon demand. Because of the deficit of the water supply intermediate systems 
such as small off-line reservoirs or tanks are constructed, which add to the 
complexity of the whole system and transfer the sufferings from one locality 
to the other. 
Many trails were made for the development of the khor to raise the 
efficiency of the water supply to the city but they are all incomplete. The main 
reason for that is the lack of funds for these comprehensive studies. 
          In some of these trails proposals for reservoirs are given with some 
analysis for the proposed sites. Also some ideas and views were put forward 
for development of the whole system to increase the water supply to the city. 
In this trail it is intended to give a comprehensive study of the system from the 
source through the transmission lines down to the storage and distribution 
system.  
          The waters of the khor should be optimally used, that is to store as 
much of the khor waters as possible and then distributes it in an optimal 
manner among different users bearing in mind rehabilitation of the existing 
system and provision of additional capacities at all levels. 
         
1-2 Objective of Study 
 
          The general objective of this research is to assess water supply for Port 
Sudan town by identifying the best source for sustainable supply of water.     
    The specific objectives are: 
• Assessment of water sources supplying the town at present. 
• Determining the deficiency in water in quantity and quality.  
 • Suggesting proposal for implementing feasible and sustainable 
source of water for the town. 
 
1-3 Thesis Layout 
 
This study contains five chapters. The first chapter; introduction            
(background & objectives) 
         The second chapter is review of literature. The third chapter describes 
methodology and materials for the project.                                                                  
The fourth chapter presents all data collection analysis and discussion.  
The fifth chapter presents conclusion and recommendations of thesis as well 
as future work for design the treatment plants and water supply system. 
 
  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Chapter 2 
Literature Review 
 
2-1 Sources of Water 
Sources of water available in the hydrologic cycle may be classified as 
follows: 
i. Rain and Snow 
ii. Surface water 
a. Stream 
b. Natural ponds and lakes  
c. Impounding reservoirs 
iii. Ground water  
a. Springs  
b. Shallow wells 
c. Deep wells 
d. Artesian wells 
e. Infiltration galleries and wells  {1} 
 
2-1-1 Rain fall and snow 
         Water vapour condensed in clouds or precipitated as rain or snow high 
above the earth is practically pure. As rain or snow falls it absorbs oxygen, 
carbon dioxide and other gases from the air, as well as dust as, smoke and 
fumes. Bacteria and spore of minute plants are also washed out of the air by 
falling rain or snow.  
 Rainwater is soft, saturated with oxygen, but flat the taste and somewhat 
corrosive. {1} 
 
 
2-1-2 Surface water  
         When rains fall upon the earth, part runs off to streams, ponds, lake or 
the ocean. Snow evaporates to some extent, but in temperate climate most of it 
remains to melt and runs off in the spring, thereby contributing to spring 
flood. 
In the mountainous regions the snow at the higher elevations melts 
slowly with warm weather and thus tend to maintain the flow of streams and 
to be effect their summer quality as well as quantity. The quality of water 
taken from a surface source depends upon the character and the area of 
watershed, as geology and topography, the extent and nature of the 
development by man, time of year and weather conditions. The quality of 
water from stream is generally more variable and less satisfactory than that 
from ponds and lakes. Water from lime stone regions is harder but less 
corrosive than water from granite regions. Surface sources in heavily polluted 
areas are affected by sewage and industrial wastes.        
2-1-3 Ground water 
  Part of the rain which falls upon the surface of earth percolates into the 
ground and becomes groundwater. During its passage through ground, the 
water comes in contact with many substances, both organic and inorganic. 
Some are readily soluble in water. Others such as those causing alkalinity and 
hardness are soluble in water containing carbon dioxide absorbed from the air 
or from decomposing organic matter in the soil.  
The decomposition of organic matter also removes the dissolved oxygen 
from the water percolating through it. Such water, free from oxygen and high 
in carbon dioxide dissolves iron and manganese from the soil. Water 
 containing iron and manganese is favourable for the development of Crenothrix 
and other similar organisms in collected ground water supplies. Hydrogen 
sulphide sometimes occurs in ground water and is associated with absence of 
oxygen the decomposition of organic matter or the reduction of sulphates. 
Although bacteria and other living organisms on the surface of the 
ground may first be picked up by rain falling thereon, percolation into the 
subsoil results in the filtering out of these organisms. An expecting occurs 
where fissured or creoiced rock, such as lime stone, is encountered near the 
surface. In this event surface pollution may be carried long distance without 
material change. 
The sanitary conditions in the vicinity of ground water sources are 
important, particularly where sub-surface pollution may be derived from privy 
pits, leaching cesspools and leaking sewers. Especially serious is pollution 
introduced at or below the ground water table. Sources of pollution located on 
surface of the ground, while not to be ignored, and are less important than 
subsurface sources. 
Generally ground waters are clear, colourless and harder than the surface 
waters of the region in which they occur. In lime stone formations ground 
waters are very hard, tend to form deposits on water pipes and are relatively 
noncorrosive. In granite formation ground waters are soft, low in dissolved 
minerals, relatively high in free carbon dioxide, and are actively corrosive. 
Bacterially, ground waters are much better than surface waters except where 
sub-surface pollution exists. Although changes in the rate of draft from wells 
may about changes in the quality of water from them, ground waters generally 
of uniform quality. 
 
2-1-3-1 Type of Ground Water 
(a)Springs 
   Ground water moving along the upper plane of an impervious stratum 
comes to the surface as a spring. This is likely to occur when the impervious 
stratum outcrops below an upland area of previous material. Some times 
springs issue from rock fissures. Springs waters from shallow strata are more 
likely to be affected by surface pollution than are deep-seated waters. 
(b) Shallow wells 
         Shallow wells are those developed in surface deposits of pervious 
materials overlying an impervious stratum. Arbitrarily, any well deeper than 20 
meters may be considered a deep well. Shallow wells may be large- diameter 
dug wells or small diameter driven wells. Suction lift is usually employed to 
obtain water from them. The limited depth of draw down is such as to restrict 
the size of the area from which the groundwater is derived. Consequently the 
quality of shallow groundwater is largely determined by the character of the 
nearby catchments area. Properly protected shallow wells in satisfactory 
previous material will yield water of good quality.  
 (c)Deep wells 
  Deep wells are either driven or drilled, depending upon the strata 
encountered. Often they penetrate impervious strata before reaching the water 
bearing stratum desired. 
  As with shallow wells, waters from deep wells possess characteristics 
determined by the nature of the tributary catchments area and the geological 
formation through which the waters have passed. The catchments area may, 
however, be either closed to the wells or remote form them.  
 (d) Artesian wells  
  Sometimes the geological formation of an aquifer such that if acts as a 
pressure tube, because the hydraulic line goes above some part of the aquifer. 
When the pressure in the procured water in some region is very high, that may 
cause the water rise up. Sometimes even above the ground that condition is 
 known as artesian condition and if as well is constructed for the purpose of 
water supply that will be an artesian well. {1} 
 
 
 
 
2-2 Population Study 
 
2-2-1 Population Distribution 
          The population of a town is not uniformly distributed over its entire 
area. The population density is normally expressed in persons per hectare or 
per square kilometer. This may be expressed in terms of some average figure 
for a big area, actually this varies in different zones. Some part of the area 
may be thickly populated and some part may have high population density. 
On that basis the town is divided into different zones. This is important in 
planning and design of water distribution net work.  
 
2-2-2 Population Growth  
          Population increase by births, decrease by deaths, and change with 
migration. Communities also grow by annexation. Urbanization and 
industrialization bring about social an economic change as well as growth. 
Educational and employment opportunities and medical care are among the 
desirable changes. Among unwanted changes are the creation of slums and the 
pollution of air, water, and soil. Least predictable of the effects on growth are 
changes in commercial and industrial activity. {2} 
  
2-2-3 Population forecasting         
          The knowledge of population forecasting is very important for design of 
any water supply scheme. The design is done on the basis of projected 
 population at the end of the design period. Otherwise a present sachem will be 
inadequate in near future. There are many methods of population forecasting 
adopted in practice. Some of them are described below. 
 
 
 
A. Arithmetical increase method  
     This method is generally applicable to a large and old city, whose scope 
of future expansion has reached to saturation limit. For small, average or 
comparatively new cities, if this method of population forecasting is 
employed, we shall most likely get low result than actual value. In this 
method the average increase in population per decade is calculated from 
the past census reports. This increase is added to the present population to 
find out the population in the next decade. This method of forecasting 
gives satisfactory result for old and large cities. 
 
B. Incremental Increase Method 
    For an average size town under normal condition the growth rate is 
found to be increasing order. In other words it may be stated that there will 
be increments in increase of population in each decade. While adopting 
this method the increase in increment is considered for calculating future 
population. 
    The increment in increase is determined during each decade from the past 
population and the average value is added to the present population along 
with the average rate of increase. Thus it improves the low result that is 
obtained by arithmetical increase method. In fact this method is a 
modification of arithmetical increase method. 
 
C. Geometrical increase method 
     In this method the percentage increase is assumed to be the rate of 
growth of the town under consideration. Average percentage increase is 
used to find out the future increment in population. This method gives 
higher values and should be applied to a new industrial town at the 
beginning of development only for few decades. This high rate of 
population growth lasts even for anew industrial town for two to three 
decades and does not continue, but the percentage increase-decreases 
considerably afterwards. 
 
D. Decrease rate of growth  
     It has been discussed earlier that the geometric rate of growth gives 
higher result and any city’s population curve will not follow in geometric 
pattern beyond two to three decades. Later on the rate falls down. In 
decrease rate of growth method the fall in percentage increase is 
considered and then the future pupation is determined. So this method can 
be termed as a modification of geometrical increase method. This method 
is applicable to average size cities growing under normal condition. This 
may also match with the rate of growth beyond the initial decades of new 
industrial town i.e. beyond the stretch after it has covered geometric rate of 
growth. 
 
E. Graphical method  
    In this method the populations curve (the population vs. year) is 
smoothly extended for getting future population. This extension 
should be done carefully and it requires proper experience and 
judgment. The best way of applying this method is to extend the 
curve by comparing with population curve of some other similar 
cities having the similar condition of growth.   {1}             
                      
  
 
 
 
 
                                                                                                                                                 
2-3 Water Quality  
          The term ״water quality.״ is a widely used expression which has an 
extremely board spectrum of meanings. Each individual has vested interests in 
water for his particular use, which may involve commercial and industrial 
uses or recreational pursuits.      
         Since the desirable characteristics of water vary with its intended use, 
there is frequently unsatisfactory communication among the users of water 
where quality is concerned. 
         All other water uses must be subordinated man’s need for a health full 
fluid for his consumption. Water for drinking and food preparation must be 
free from organisms capable of causing disease and from minerals and organic 
substances producing adverse physiological effects.  
          To encourage man to drink this health-promoting liquid, the water must 
be aesthetically acceptable. For example, it should be free from apparent 
turbidity, colour, and odour and from any objectionable taste. {3}             
Table (2-1) shows drinking water standards.  
 
 
 
 
 
 
 
  
 
 
 
 
 
Table (2-1) Drinking Water Standards   
Item Standard Item Standard 
1. Total Colony     
Counts 
Under 
100CFU/ml 
15.   F Under  1.5 mg/l
2. Total Coliforms ND/100ml 16.   Cl¯ 
Under  250 
mg/l 
3.   EColi/Fecal     
Coliforms                   
ND/100ml 17.   NO3–N Under  10 mg/l 
4. Free residual    
chlorine 
Under 4.0 
mg/l 
18.   SO4-2 
Under  200 
mg/l 
5. Hardness 
Under 300 
mg/l 
19.   CN 
Under  0.01 
mg/l 
6. KMnO4 
Consumed 
Under 10 mg/l 20.   Fe Under  0.3 mg/l
7. TS 
Under500 
mg/l 
21.   Mn Under  0.3 mg/l
8. Turbidity 
Under 0.5 
NTU 
22.   Cu Under  1 mg/l 
9.Odour ND 23.   Zn Under  1 mg/l 
10. Taste ND 24.   Hg 
Under 0.001 
mg/l 
11.Colour Under 5 do 25.   Cd Under 0.005 
 mg/l 
12. pH 6.8 – 8.5 
26.   As Under 0.05 
mg/l 
13. ABS Under  0.5 
mg/l 
27.   Se Under 0.01mg/l
14. NH3–N Under0.5 mg/l 28.   Pb Under.05 mg/l 
29.   Cr+ Under 0.05 
mg/l 
40. 1.1- Dichloro   
ethylene 
Under 0.03 
mg/l 
30.   Al Under  0.2 
mg/l 
41.Dichloromethane
Under 0.02 
mg/l 
31.   B Under 0.3 
mg/l 
42. 1.1.1–TCE Under 0.1 mg/l 
32.   Diazinon Under 0.02 
mg/l 
43. Carbon 
tetrachloride 
Under0.002 
33.   Parathion Under 0.06 
mg/l 
44.  Benzene 
Under 0.01 
mg/l 
34.   Fenitrothion Under 0.04 
mg/l 
45.  TCE 
Under 0.03 
mg/l 
35.   Carbary1 Under 0.07 
mg/l 
46.  Toluene Under 0.7  mg/l
36.   Phenol Under 0.005 
mg/l 
47.    PCE 
Under 0.01 
mg/l 
37.   THMS Under 0.1 
mg/l 
48.   Ethyle benzene Under 0.3  mg/l
38.   Chloroform Under 0.08 
mg/l 
49.   Xylene Under 0.5 mg/l 
39.1,2–Dibromo-3-
chloropropan  
Under 0.003 
mg/l 
  
Table (2-1)  
                                                                                                                       {4}  
                           
 
 
 
 
 
2-3-1 Diseases of water 
          Water, sanitation and hygiene have important impacts on both health 
and disease. Water- related diseases include those due to microorganisms and 
chemicals in water people drink; diseases like schistosomiasis, which have 
part of their life cycle in water, disease like malaria with water- related 
vectors, drowning and some in juries, and other such as legionellosis carried 
by aerosols containing creation microorganisms. Table (2-2) shows water –
related disease  {5} 
 
           Table (2-2) water – related disease  
No Disease No Disease 
1 Anemia 10 Guinea 
2 Malaria 11 Hepatitis 
3 Ascariasis 12 Lead poisoning 
4 Cholera 13 Malnutrition 
5 Denque 13 River Blindness 
6 Diarrhoea 14 Ring worm 
7 Drowning 15 Scabies 
8 Fluorosis 16 Typhoid 
9 Schistomiasis 18 Trachoma 
                                                                                                                 {5}  
 
 
  
 
 
 
 
 
                      
2-4  Water Treatment  
          Water whether from underground or surface sources found in nature is 
polluted. The pollution may be due to various reason namely from sewage, 
industrial wastes or from natural contaminants. Such water is supplied directly 
without treatment may not be used by the consumers due to psychological, 
aesthetic or physiological reasons.  
         Natural water may also contain high amount of turbidity, organic load 
from decaying leaves, vegetations or animals. Minerals in solution or 
suspension forms may contaminate water. Water will require treatment for all 
the above reasons. The various treatment methods and the nature of impurities 
removed by employing them are given in table (2-3) . 
 
        Table (2-3) Water Treatment Methods   
No Process Impurity removal 
1- Aeration 
Tastes and odour removal, oxygen 
deficiency 
2- Screening Floating matter 
3- 
Plain 
Sedimentation 
Large suspended solids 
4- Coagulation Fine particles 
5- Filtration Colloidal particles, 
  
 
                                                                                                             {5}  
                     
2-4-1 Sedimentation and Coagulation  
          The distinction between mixing basins and sedimentation basins is the 
same as the distinction between the coagulation process and the sedimentation 
process, coagulation involves the addition of chemicals to the water, their 
uniform distribution through the water, and the building up of a readily 
settleable floc, usually by prolonged agitatation of the water.   
          Coagulation is accomplished by appropriate equipment in three steps or 
phases of mixing, floc formation, and conditioning. 
The functional difference in these transitional steps one of decreasing 
agitation. The initial high- speed mix ensures adequate, prompt dispersion of 
chemicals in the water being treated. The intermediate mix, at a lower speed, 
starts floc formation or coagulation; where as the final mix is a gentle slow 
movement that prompts further floc build up and conditioning.  
          Sedimentation is the process by which coagulated or suspended matter 
separates from the water by subsidence from the water by subsidence and 
deposition. An effective means of water treatment, sedimentation does not 
depend upon coagulation but is made more effective by it. Long before the 
benefits of coagulation were known to water works men, plain sedimentation 
was in general use. 
The following definitions should be noted 
microorganisms 
6- Activated Carbon 
Elements causing tastes and 
odours 
7- Softening Hardness 
8- Disinfection 
Living organisms including 
pathogens 
       1- Rapid or flash mixing is the process by which a coagulant is rapidly and 
uniformly dispersed through the mass of water. This process usually occurs in 
a small basin immediately preceding or at the head end of the “coagulation 
basin"  
      2- Flocculation is the stimulation by mechanical means of the 
agglomeration of the suspended matter into compact, fast-settling flocs. This 
process usually occurs in the "mixing basin" or "flocculation basin". 
      3- Sedimentation is the separation by gravity of the flocculated solids from 
the water. This process is occurs in the sedimentation basin, sometimes 
referred to as the settling basins. {3} 
Sedimentation tanks: 
          Sedimentation or clarification tanks are classified as continues flow or 
intermittent flow. The former types are mostly used now a day.  Tanks are 
also classified as horizontal flow when the liquid passes through, in horizontal 
direction and as vertical flow when liquid enters near the bottom of the tank 
and is withdrawn at the surface. The latter type is generally used for sewage 
treatment. {1}  
         A sedimentation tank can be assumed to have different zones fig (2-1). 
Let the effective length of the settling tank L, width of the tank B and the 
depth of settling zone H. Horizontal or displacement velocity of water is V 
and the settling velocity of particle is v. the quantity of water flowing through 
the tank is   
Q = BHV 
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Tank Dimensions: 
          Plain sedimentation tanks are rectangular, square or circular. For 
rectangular tanks the ratio between length to width of about 2:1 is favoured by 
some engineering. Long, relatively narrow tanks are less affected by inlet and 
other disturbances and cross currents caused by breeze.     
          Square and circular tanks are frequently used, generally with sludge 
removal mechanisms. They continuously clean the deposited sludge thus 
reducing the space for sludge and avoid labour cost. For a certain fixed 
capacity, the depth of the tank will affect the surface area, which again effects 
the surface loading. So fixing the depth of the tank is important from design 
point of view. Generally, the depth is kept from 3 to 5 meters. As the smaller 
depth permits a smaller overflow rate with a given detention, there has been 
some tendency in recent years to construct tanks of smaller depths. Tanks as 
shallow as 2 meters have been constructed. 
          Tanks efficiency much affected by various crosscurrent and 
disturbances due to turbulence at inlets and out lets. Inlets and outlets of tanks 
thus require careful consideration.  
          The ideal inlet reduces entering velocity. The horizontal velocity at 
every vertical section of tank should be equal. Inlets with baffle walls with 
multiple openings distribute water uniformly and keep more ore less a 
constant velocity. Submerged inlets with multiple openings as shown in fig 
 (2-2) also reduces turbulence and helps in achieving uniform horizontal 
velocity. 
Outlets like inlets are also to be properly designed so that water can leave the 
tank smoothly. Outlets of weir types all along the periphery are generally used 
in circular tanks. The weirs are sharp crested ones made by cutting metal sheet 
is small  V- notches and mounted at required height. New the periphery again 
a baffle board is placed to prevent scum to escape out.  
          This is particularly important in sedimentation tank treating sewage. 
Rectangular tanks are generally provided with submerged outlets with 
multiple openings. Fig (2-3-a) and fig (2-3-b) shows the out let arrangements 
generally used in practice. {1}  
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Common coagulants used: 
a. Alum, AL2 (SO4) 3, 18H2O  
b. Sodium Aluminates (Na2AL2O4) 
c. Iron Salts  
Coagulation plant: 
The following process are done in case of coagulation  
• feeding of chemical  
• mixing of chemical  
• flocculation 
• sedimentation of flocs 
 
Figure (2-4) shows all the unit s required for the above processes. {1} 
 
  
Fig (2-4) complete coagulation unit 
 
 
 
 
Factors, which will affect the efficiency of coagulant dose: 
• Turbidity of water  
• The colour 
• pH of water 
• the temperature of water   {6} 
Mixing:  
         After feeding the water with required dosage of coagulant proper mixing 
is done either by hydraulic method or by mechanical means so as to achieve 
best result of coagulation.  
         In hydraulic method water to be treated is allowed to flow through a 
narrow channel after it is fed with coagulant. The channel is so designed that 
with the desired flow hydraulic jump occurs and proper mixing of coagulant 
takes place. The advantage of this system is that it does not require any 
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MIXER 
CHEMICAL FEEDING 
FLOCCULATION    
CHANNEL
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TANK
FILTRATION 
 mechanical appliances for churning and electrical power for driving the 
churner. But this system is not very efficient and suitable only for smaller 
treatment plants. 
          In mechanical method of mixing turbo flash mixers or deflector plate 
mixers are used. In turbo, flash mixer immediately after feeding the chemical 
the water is allowed to enter the mixing chamber where it remains for few 
seconds and where the mixing device is mounted as shown in figure (2-5). 
         The flash mixer is provided with several blades and it rotates with a high 
speed at about 100 r.p.m.  Rotation is done by suitable mechanical device 
where driving force may be obtained from electrical power. Turbo flash 
mixers allow through mixing of chemical with the water.  
          The other device used in mixing of chemical is by deflector plate’s 
method. The arrangement for working of this system is shown in figure (2-6). 
In this device water is allowed to defuse through a deflector plate and a rubber 
tubing carrying the chemical in solution is brought very near the deflector 
plate. Water is rapidly agitated and where it is thoroughly mixed with the 
coagulant. {1} 
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Fig (2-5) Turbo Flash Mixer   
  
 
 
 
2-4-2 Flocculation 
        After getting thoroughly mixed with coagulant the water is so handled 
that big size floc may form. This is done in the flocculating channel as shown 
in figure (2-4). Stirring of water should be done in well controlled manner. If 
stirring is done too fast flocs formed will shear of. Again too slow stirring will 
allow to form big size flocs. In fact, water when passing through the 
flocculation channel is subjected to suitable velocity gradient by slow moving 
paddles with speed ranging from 3-to1 r.p.m. Paddles may move either in 
horizontal direction or in vertical direction. This helps in forming stable big 
size flocs.  
          Water along with flocs enters the sedimentation tank. As already 
discussed in the theory of coagulation flocs from agglomerate with suspended 
colloidal particles and settles down in the sedimentation tank. Sludge thus 
deposited may be removed by simply hydrostatically or by mechanical means. 
Out let 
Deflector plate 
Inlet 
Fig (2-6) Deflector Plate Mixer 
Baffle Wall 
Chemical 
pipe 
 In mechanical method the sludge deposited collected by means of scraper, 
which rotates with a speed of 20 cm per minute, and ultimately it is 
hydrostatically taken out by sludge with drawl pipes.  
          The process of settling of suspended particles in a sedimentation tank is 
also known as clarification and the unit is known as clarifier. 
 
2-4-3 Filtration 
          Filtration is defined as the passage of a fluid through a porous medium 
to remove matter held in suspension. In water purification, the matter to be 
removed includes suspended silt, clay, colloids, and microorganisms including 
algae, bacteria, and viruses. The particles to be removed have approximate 
sizes as shown in table (2-4), stated in millimicrons (a micron is 0.001 mm, 
and a millimicron is one thousand times smaller).  {3} 
 
 
                    Table (2-4) Materials and particles size  
Material Particle size, millimicrons 
Silt 50,000 
Bacteria 5,000 
Viruses 50 
Colloids 1-1,1000 
                                                                                                       {3}                                   
There are two types of filters most widely used  
• Slow sand filters 
• Rapid  filters (gravity, pressure) {3}       
                                                                           
2-4-3-1 Slow sand filters  
           This consists of open watertight tank (2000 to 4000) m2. in area and 
about 3 meter deep. The filtration media is the sand bed of thickness about a 
meter supported by a gravel layer of 25 to 30 cm thickness. The sand used is 
inert in nature with effective size of 0.15 to 0.35 mm and uniformly 
coefficient of about 1.75. 
         Grain size is generally uniform except the top layer of about 15 cm. 
contains sand with effective size of 0.25mm. The gravel below will have sizes   
from 0.3 to 7.5 cm, placed in layer with the biggest particles at the bottom and 
the smallest at the top. 
          Below the gravel layer the under drain system is placed. It consist of 
open jointed pipe placed from 3 to 6 meters apart on the bottom floor, and 
they all lead the filtered water to a main central drain, which takes the water 
ultimately out of the filter unit. {1}  
 
 
 
 
2-4-3-2 Rapid Gravity Filters 
          In this case the filter units are smaller in size and placed under roof, so 
that costly mechanical equipments may not get damage. A number of filter 
units are constructed in one or tow rows. Each unit is a rectangular block with 
length is to breadth ratio laying between 1.25 to 1.33, their size vary from 
4m*5m to 8m*10 m. The depth of the tank is kept about 3 meters.  
          Filter bed consists of sand with thickness from 60 to 75 cm. Sand used 
is of coarse variety with effective size from 0.5 to 0.7 mm. and uniformity 
coefficient 1.25. The bed consists of stratified layer with smallest size in the 
top most layers. The sand used being bigger in sizes, the penetration of 
impurities will be deeper and the greater depth of bed is effective. 
          The gravel below sand supports the filtering media. Gravel helps in 
uniform distribution of wash water up through the filter media. It also 
prevents sand from entering into drains and time causing them to choke. The 
depth of gravel varies from 45 to 60 cm. The size of gravel will vary from 5 to 
25 mm the smallest size layers being at the top. {1}  
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparison of slow sand and rapid gravity filters:  
        There are some different between slow sand and rapid gravity filters as 
shown in the table (2-5). 
 
Table (2-5) Comparison of Slow Sand and Rapid Gravity Filters 
Item Slow sand Rapid gravity 
1.   Rate of filtration 2500-6000 lit/m2⁄day 120,00-150,000 lit/m2⁄day 
2.   Size of unit (200-4000) m2 in area (4*5) or (8*10) m
2 in 
area 
3.   Depth of filter media 
Depth of gravel 25 to 
30 cm, whereas sand 80 
to 100 cm. 
Gravel 45 to 60cm. and 
sand 60 to 75 cm. 
 4.   Size of sand 
Effective size 0.35 mm. 
Uniformity coefficient 
1.75 
Effective size 0.5 to 
0.7mm.Uniformity 
coefficient 1.25 to 1.35 
5. Grain size distribution Uniform Stratified with smallest grain at the top 
6.Underdrainage system Open joined pipe covered with blocks 
a. Manifold and 
lateral 
b. Wheeler 
bottom 
c. diffuser plate 
7.   Loss of head 10 cm. initially to 1 meter finally 
20 cm. initially to 3 
finally 
8.   Length of run 20 to 40 days 24 to 48 hours 
9.   Penetration of  
suspended matter Superficial Deep 
10.  Method of cleaning Scraping and washing Back washing 
11.  Water required for 
cleaning 
0.2 to 0.6 % of water 
filtered 2 % of water filtered 
12.   Preparatory 
treatment Plain sedimentation Flocculation and setting 
13. Cost of construction Higher Lower 
14. Cost of operation Lower Higher 
15. Depreciation of 
plant Lower Higher 
                                                                                                                      {1} 
                                                                                                                               
    2-4-4 Aeration   
          Aeration is necessary to promote the exchange of gases between the 
water and the atmosphere. In water treatment, aeration is practiced for three 
purposes: 
a. To add oxygen to water imparting freshness, e.g. water from 
underground sources devoid of or deficient in oxygen. 
b. Expulsion of carbon dioxide, hydrogen sulphide and other volatile 
substances causing taste and odours e.g. water from deeper layers of 
an impounding reservoir. 
c. To precipitate impurities like iron and manganese in certain form 
e.g. water from under ground sources. {1}  
  
2-4-5 Chlorination and other Disinfection   
          Treatment of water is not complete unless the microorganism present in 
water is removed. The treatment process discussed so far cannot remove 
bacterial life completely. Even the slow sand filtrated water cannot give 
guarantee of 100 % removal of bacteria. The most objectionable and harmful 
constituent of water is pathogenic bacteria. An excess number of harmless 
bacteria are also not desirable in potable water. So disinfection or killing of 
pathogens is required for water treatment process. Among disinfection 
‘chlorination’ is most commonly employed. {1} 
Efficiency of disinfection: 
          Among major factors influencing the efficiency of disinfection and, 
consequently, the kind of process employed in water treatment, are the 
following: 
1. kind and concentration of organisms to be destroyed 
2. kind and concentration of disinfectant  
3. contact time provided 
4. chemical character and temperature of the water to be treated  {3}       
2-4-5-1 Theory of disinfection by chlorine: 
          During disinfection the main aim is restricted to kill the unicellular 
organisms, mainly bacteria. A number of theories exist for explaining the 
disinfection action of chlorine on the pathogenic organisms.  
          Nascent oxygen theory explains that chlorine in water gives out nascent 
oxygen, which oxidizes the unicellular organisms and kill them.  
          Enzymatic Hypothesis given by Green and Stump is more widely 
accepted. It states chlorine penetrates through the cell wall of organisms and 
then reacts inside with the enzymes, which are essential for bacterial life. As 
enzymes become ineffective the bacteria get destroyed.  
 
 2-4-5-2 Other disinfectants : 
a. Ozone. 
b. Ultra Violet Rays. 
c. Iodine and Bromine. 
 
2-5 Softening Water 
          Ground water sometimes contain very high amount of bicarbonates, 
carbonates, sulphates, and chlorides of calcium and magnesium. These 
dissolved salts make the water hard cause the following troubles: 
1. About 25 mg/lit extra soaps gets consumed per mg/lit of hardness. This 
will much increase the washing charges. 
2. The precipitate formed by the action of soap on salt causing hardness, 
spoils the fabrics of clothes. 
3. Chocking and clogging troubles of pipelines due to precipitation of salts 
causing hardness. 
4. Formation of scales in boiler causes wastage of fuel and the danger of 
over heating the boilers. 
 
          For all these reasons, the removal of hardness or softening of water is 
required. 
         The water containing 35 to 45 mg/lit carbonate hardness and 100 mg/lit 
total hardness may be termed as soft water. Water containing above           400 
mg/lit of total hardness is known as hard water. 
 
Municipal water softening process: 
There are two methods generally used for softening of water: 
1. The lime – soda process 
2. The Ion- exchange  process 
 
 2-5-1 Lime- soda process: 
        In the lime- soda process the hardness is removed by using lime and 
soda. The following chemical reactions take place: 
 
? Lime- soda softening plants will include the following units fig (2-7)                              
1. Feeding and mixing apparatus 
This will follow in design and operation the feeding machines and mixing 
and flocculation basin used in water coagulation. A 40 minutes detention 
period at least is recommended. 
2. A settling basin 
The settling basins used resemble those employed for coagulation- 
sedimentation, but the detention periods, are generally somewhat longer. 
3. A recarbonation or stabilization unit 
Lime softening leaves water supersaturated with calcium carbonate. That 
will cause incrustation of filter sand, mains of pipeline system. So 
recarbonation is necessary.  
 
  
(i) Ca (HCO3)2 +Ca (OH) 2 2CaCO3 + 2H2O 
(ii) Mg (HCO3)2 + 2Ca (OH) 2 Mg (OH) 2 + CaCO3 + 2H2O 
 
(iii) MgSo4 + Ca (OH) 2 + NaCO3 Mg (OH) 2 + CaCO3 + Na2SO4 
MG (OH) 2 + CaCO3 + 2NaCl (iv) MgCl2 + Ca (OH) 2 + Na2CO3 
  
 
The following are the advantages of lime- soda process: 
(a)  The low cost of the process.  
(b) Total mineral content of water gets reduced. 
(c)  Properly stabilized softened water reduced the tendency of corrosion of 
distribution system. 
(d) The amount of coagulant is reduced as Mg (OH)2 formed helps in 
coagulation. 
(e)  By maintaining 20- 50 p.p.m. the causticity in water, pathologenic 
bacteria may be destroyed. 
(f) The process doses not require the raw water free of turbidity.  
 
2-6 Water Desalination  
          Water desalination process removes soluble salts from water to render it 
suitable for drinking, irrigation, or industrial uses. The principal methods used 
for desalination include distillation (or evaporation), electro dialysis, freezing, 
ion exchange, and reverse osmosis. 
coagulant Lime-soda tank
Raw 
wate
Settling tank
To drain CO2 
Recarbonation tank
Pressure filter 
Softened water Fig (2-7) Lime- Soda Softening plant 
           In distillation saltwater is heated in one container to make the water 
evaporate, leaving the salt behind. The desalinated vapor is then condensed to 
from water in a separate container. Although long know, distillation has found 
limited application in water supply because of the fuel costs involved in 
converting saltwater to vapor. Representative of the early attempts in this 
direction were the solar distillation methods employed by the legions of Julius 
Caesar for using water from the Mediterranean. Modern technological 
advances led to the development of more efficient distillation units using solar 
energy; however, since these units have small capacities, their utility is 
restricted. {7} 
          Distillation plants having high capacities and using combustible fuels 
employ various devices to conserve heat. In the most common system a 
vacuum is applied to reduce the boiling point of the water, or a spray or thin 
film of water is exposed to high heat, causing flash evaporation; the water is 
flashed repeatedly, yielding fresh distilled water. This multistage flash 
distillation method is used in more than 2,000 desalination plants, including 
one in Saudi Arabia that produces 250 million gallons of freshwater per day. 
          Another method of desalination is by electro dialysis. When salt 
dissolves in water, it splits up into charged particles called ions. Placed in a 
container with a negative electrode at one end and a positive electrode at the 
other, the ions are filtered by the membranes as they are attracted toward the 
electrodes; they become trapped between semi permeable membranes, leaving 
outside the membranes a supply of desalinated water that can be tapped. The 
first large installation using this process began operating in South Africa in 
1958, but its electrical demand make it impractical except where such energy 
is abundant. 
          By far the most promising approach is the reverse osmosis, in which 
pressure is applied to salt water to force it through a special membrane. Only 
pure water passes, leaving concentrated seawater behind. Where multistage 
 flash distillation costs 4$ per 1,000 gallons, reverse osmosis costs about half 
that amount. This process is used by a plant in the Tampa Bay area, Florida 
that produces 25 million gallons of drinking water a day. Another type uses an 
empty hollow sphere of semi permeable material that is lowered into the sea. 
The water flowing into the sphere is fresh, since the salt is excluded by the 
membrane that covers the entire sphere and is its guard. 
          One final approach is under development in Hawaii, where different 
layers of seawater display a large temperature differential. Here an Ocean 
Thermal Energy Conversion plant is being built which will use steam 
produced by the flash method to produce energy, then condense the steam into 
freshwater. Three such plants could produce a hundred megawatts of power, 
as well as supply 30% of Hawaii’s water needs. 
          For emergency use, i.e., in lifeboats, various systems are available in 
addition to solar or fuel-heated distillation devices. One device made of 
flexible plastic is worn around the waist of the user to employ body heat for 
evaporation. {7} 
 
 
 
               
         
      
 
 
2-7 Previous Studies  
         Khor Arbaat is a source of water for Port Sudan town was studied  by 
many researchers. These studies can be briefly summarized:-   
• Montgomery, 1987, the Geological Research Authority of the Sudan 
(GRAS 1991) and National Water Corporation carried out studies in the 
 area of the khor. These studies made investigation for two sites of dams 
one at the upper gate and other at 3.2 km upstream the upper gate. 
• Ground water studies and implementation of water resource in Khor 
Arbaat started as early as 1900. These include Grabham (1907), 
Thompson (1924), Lutfi (1957), Kabesh (1959), Mohamed Hussein 
Taher ( 1975) , Bun ( 1980) and Akode and Fadlabi (1994). 
• Mohamed Hussein Taher “Hydro- geological Investigation for Khor 
Arbaat Basin” (1975) and Bun (1980) they described occurrence, 
quality, movement, recharge of ground water resources and 
characteristics of aquifers in Khor Arbaat.  
• The socio- economic and environmental studies for this area were 
carried out by many institutions and individual researchers carried out 
the socio- economic and environmental studies for this area. SOS Saleh 
International (1994-1995-1996-1997 and 2001), Bashir (1991), Sayed 
Daballob (1999) and Ministry of Irrigation and Water Resources (2001) 
are some of these studies.  
• Ministry of Finance and Economic Planning carried out the water 
supply studies for Port Sudan. This study done by (RRI) it's made the 
“Review and pre- Design study”, (1980). 
 
 
• Shora Consult, in 2001 proposed development of  Khor Arbaat, and 
recommended to increase water supply by constructing  reservoirs at 
khor.  
• Also in 2002, Shora Consult studied and designed Khor Arbaat U/S 
Upper Gate Dam. The owners of these studies Ministry of Housing and 
Public Utilities, Red Sea Corporation.  
    
          All these studies aimed for improvement of water resources, surface and 
ground water in Khor Arbaat to a meet the growing drinking and industrial 
water demand in the city and suburbs.    
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 3 
Materials and Methods  
 
3-1 Study Area 
           The study area comprises of   Port Sudan town and Khor Arbaat. They 
are coastal regions of the republic of the Sudan lie between roughly (19° 39˝) 
northern latitude and (37° 13˝) eastern longitude and belongs administratively 
to the Red Sea State. Fig (3-1) shows Port Sudan Map 
           Port Sudan is the largest urban center in the Red Sea State and it is the 
capital town in the coastal region. 
          The climate of the Red Sea area is typically a semi desert climate with 
high temperatures and greatly varying, but generally low precipitations, less 
than a 100 mm per year. 
          Hence, local rainfall is of no importance with respect to the ground 
water resources in the study area. Ground water resource entirely depend on 
the recharge by the flood waters of the Wadis draining the Red Sea Hills, 
where average rainfall figures are in the range of 100 to 150 mm in year, but 
the mean annual rainfall at Port Sudan is 89 mm, with standard deviation of 
33mm. {9}  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3-2 Topography & Geographical Features of Khor Arbaat  
          Geomorphologically, the study area is part of Red Sea coastal plains. 
Along the coastal line, predominantly littoral deposits of marine facies are 
found, while on the inland side, bordered by the Red Sea Hills, deposits of 
continental facies prevail. The latter deposited by extensive Wadi system, 
 draining the Red Sea Hills and debouching on to the littoral, forming a series 
of fans and deltas, composed of gravels, sands, silts and clays. {9}  
          The coastal plain of Red Sea varies in width from about fifty-six 
kilometers in the south near Tawkar to about twenty-four kilometers near the 
Egyptian frontier. The coastal plain is dry and barren. 
           This region is characterized by the several Khors systems. Many khors 
originate from the Red Sea Hills and form the main water resources of this 
region. 
           Khor Arbaat drains catchments area of about 4200 km2 through the 
upper gate (30 m. wide) into alluvial basin of the lower gate (450 m. wide) fig 
(3-2). The previous studies indicate a minimum of about 43mm average 
annual rain fall (MWDC) and the meteorological records estimate about 7 mm 
mean annual rain fall for the Red Sea area. There seems to be major 
inconsistencies between gross annual rainfalls on the Khor watershed (180-
249 million cubic meters) and various estimates of surface outflow (32 million 
cubic meters) which shows the possibility that khor Arbaat have a greater 
potential for surface water development. {8} Fig (3-2) shows Khor Arbaat 
Upper Gate. 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3-3 Methodology 
         This study was carried out on 2005/2006 to investigate and assess water 
sources for Port Sudan Town. 
         The study focuses on the following:- 
- Baseline information  
 - Assessment of water sources in the study area  
- Experimental work 
- Analysis & discussing results  
- Conclusions& recommendations  
        This chapter covers baseline information for the research and outlines 
procedures for experimental work. 
     
3-3-1 Baseline Information 
3-3-1-1 Housing Standards in Study Area   
       The housing situation in Port Sudan is characterized by a broad spectrum 
of Stanadards ranging between first class houses with Eurpoean standard and 
small huts.This spectrum is refelcted in classification of residential areas into 
five housing categories.Affiliation to a certain housing categary refelcts the 
income situation of the inhabitants concerned and thus, the service standard 
established for them by local authorities. {9}      
       Forn water supply planning, and unequivocal association between town 
districts and housing categorises has been used, considering a final  
classification as follows table:  
Category I: 
         Average polt size > 500 m2, tenancy houses of durable material with 
service connection to infrastructure. 
 
 
 
Category II: 
         Average polt size between 301 and 500 m2, further characteristics as for 
category I. 
Category III: 
          Average polt size between 201 and 300 m2, durable construction 
materials not quite common; sometimes water and electricity connections, 
however, water supply mostely from public facilities; partly with sanitation 
provisions. 
Category IV: 
         Average polt size < 200 m2, only non- durable constructions, but mostly 
planned; water supply from public facilities, if available; few sanitation 
provisions. 
Category V ( squatter): 
         Average polt size < 200 m2 , only non- durable constructions, unplanned; 
no water supply and sanitation provisions. {9}      
         The Housing category and population distribution percentages at Port 
Sudan city is estimated as shown in table (3-1) 
          Table (3-1) Housing category and population distribution  
Housing Category Population distribution % 
First class 11.5 
Second class 23.5 
Third class                   
( categories III,IV,V) 
65 
                                                                                                                   {9}      
 
3-3-1-2   Employment / Household Income and expenditure 
         The Red Sea State is one of the poorest part of Sudan. Unfavourable 
climatic conditions, scarce and only to limited extent renewable water 
resources aswell as low potential of arable land restrict the development 
possibilities of the province .The infrastructure in the province is still very 
limited . Mineral and hydrocarbon resouces have been identified, however, the 
actual status of knowledge dose not justify hope for a possible exploitation on  
a larger scale on the short to medium term.  
           Since Fish only plays a marginal role in traditional food-supply and, 
hence local marketing possibilities are limited, also fishery does not offer a 
short-term reliable development potential. 
Prognosticated developments in the tourism sector are likely unrealistic, 
because of lack of local traditions and experinces. 
         The employment and income /expenditure situation in the study area has 
to be seen in the light of these facts, considering that the Sudan actually faces 
very difficult economic challenges and suffers from structural imbalances in 
production, between public revenues and expenditure as well as between 
imports and exports .{9} 
 By sectors of activities,the employment situation can illustrated as shown 
in table (3-2) 
   
    Table (3-2)The Employment Situation  
Employment Situation Percentage rate  % 
agricultuer,fishing,quarring . ˜ 2 % 
manufactring,electricity,water 
construction. 
˜ 10 % 
trade,restaurants,hotels ˜ 4 % 
transport,commuication,port ˜ 23 % 
administration,socialservice ˜ 26 % 
                                                                                                    {9} 
          
 
                                                                            
3-3-1-3 Population Forecast 
        The population forecasting up to 2035, analyzed in this study by six 
methods. The method used is geometric method. This method was used 
because it gives higher values and should be applied to an industrial town.  
 3-3-1-4 Water Consumption and Demand   
        This study assumed that the per capita water consumption for Port Sudan 
is as follow:  
• First Class is    100 L/C/Day 
• Second Class is 65 L/C/Day 
• Third Class is    50 L/C/Day 
         The above figures were assumed because they seem to be reasonable 
and suitable for Port Sudan city. 
         Figures and data for other requirements such, institutional 
administrative, industrial and commercial requirements were colleted from 
relevant authority.   Then were estimated up to 2035, by used forecasting 
methods.  
         The un-accounted for water can be estimated as 30% of the total water 
requirements. 
  
3-3-2 Assessment of Water Sources  
          The town suffers from shortage of water during the last decades, but the 
situation is becoming worst due to the recent vast increases in population.  
          The present demand is estimated to be in the range 92,000 m3/day while 
the supply sometimes is in range from 30,000 to 45,000 m3/day.The demand 
for water in the very near future for domestic, industrial and other uses is 
much higher. With this rapid increase in population and fast growing industry, 
the demand of fresh water cannot be met with the existing sources, because of 
the following:- 
 
• Rainfall is scarcity and frequent drought spells hit the region. 
• Evaporation and Siltation decrease the storage capacity of the dams. 
•  The capacity of storage of ground water aquifers in the eastern costal 
zone, that is small. 
 • The scarcity of water resources in the different areas of the Red Sea 
State caused immigration to Port Sudan city and hence increased the 
water demand.   
• Water desalination schemes are utilized in small scale for provision of 
fresh water. 
         Other sources should be considered as a final and sustainable solution 
for water in Port Sudan area.   
 
3-3-3 Experimental Work  
         Six typical water samples collected from different locations within Khor 
Arbaat and the city network were analyzed for physical and chemical water 
quality parameters. 
         Samples were collected from the following locations:-   
1. Borehole no (66) 
2. Borehole no (71) 
3. Borehole no (73) 
4. Surface water ( Saraf) at Upper Gate Dam 
5. Tap water 
6. Sea water desalination plant   
         Samples were analyzed for Turbidity, Cl¯, pH, Suspended Solids, TDS, 
Total Hardness, SO4-2, and NO3 using physical and chemical tests. 
 
 
 
Chapter 4 
Results and Discussion  
 
4-1 Data collection from Khor Arbaat 
          Khor Arbaat is the largest water source near Port Sudan. This khor is 
about 40 km to the city, and the wadi has a length of 12 km with steep slope 
of 6 m per one kilometer. 
         The Wadi has inlet which is known as upper gate and out let which is 
known also as lower gate. In between the inlet and outlet the Wadi is very 
wide where it is width varies between 1 to 2 kilometers. The ground elevation 
at the upper gate is 181 m and at the lower gate is 110 m. The city of Port 
Sudan fall at elevation of 0.7 m above the mean see level at downtown 
         Khor Arbaat drains a catchment area of about 4200 Km2 through the 
upper gate in to alluvial basin of lower gate. The catchments area of the khor 
is by far the largest in this region. 
        The catchments area of Khor Arbaat can be considered very close to the 
shore area of Port Sudan. There is a great variation in the average annual 
rainfall ranging between 43 mm (MWDC) and the meteorological records 
estimated at 7 mm for Red Sea Area. For records of about 50 years, the max, 
annual rainfall is about 240 mm at Port Sudan. The daily flow rates reached 
1229 m3/sec. for almost the same records. {8} 
         Depending on the hydraulic gradient, ground water flow presumably 
from the upper gate, through the lower into the delta at the Red Sea. Presence 
of surface joints assist in collection of surface run off and channelling it down 
ward as subsurface ground water flow along the Khor. It is to mention that 
Khor Arbaat itself follows a fracture line. 
         Due the shallowness of the channel at the upper gate (30 m. wide) 
ground water passes through (flows) with a higher velocity, intersects with 
ground surface and runs on the surface as base flow. The base flow is 
perennial in the order of 80 to 200 lit/sec, at the upper gate, but gradually 
recess and completely dies out before reaching the delta. 
          The ground water base flow estimated to range from                   
10264-200 m3/day.  
           The subsurface ground water flow that passes downstream of the wells 
filed and ultimately reaches the sea has been estimated as 35,000m3/day. {8} 
          From comparison of historical records, it has been shown that 
dependent of water production from Khor Arbaat on the recharge from flood 
flow is clear. 
           Waters of Khor Arbaat is vital for Port Sudan town and the people in 
the area. Khor Arbaat is the main source from water supply for Port Sudan. 
The water supply may reach up to 40,000m3/day in good years; however, it 
may go down to 20,000 m3/day in bad years. {8} 
           Arbaat systems gravitate to the city via four-pipe lines system ranged 
between 9 to 20 inches A.C. The city distribution network comprises of 
storage tank, looping net works, and numerous dead branches.  
           There are six ground reservoirs inside the city of Port Sudan, from 
which the water distributed to the different locations by pumping systems. 
Storage reservoirs are losing capacities due to siltation from the untreated 
Saraf and reservoirs water. Siltation also increases turbidity of water extracted 
from theses reservoirs and creates favourable environment for anaerobic 
bacteria and other biomass to grow. 
 
 
 
 
 4-1-1 Water uses of the Khor Arbaat: 
         Water use within the delta is directed towards forestry, range, settlement 
and agriculture. Interest in developing the agricultural potential of the delta, 
gave rise to the introduction of water harvesting techniques. The natural flow 
is diverted so that it inundates fields which can them be cultivated as the result 
of moisture accumulated in the soil. 
         Large earth embankments and diversion dams distribute water to 
different fields in which smaller bunds help retain the water. Through this 
structure, more land for agriculture was made available in the delta area which 
is about 50.000 feddans. 
         The main crops are okra, watermelon, cucumber, tomatoes, millet, and 
sorghum, which are marketed in Port Sudan town. 
         People living along the course of the khor depend very much on the khor 
waters for domestic use as well as irrigated agriculture. Many of them have 
orchards areas for different fruits and vegetables.  The grazing potential of the 
area has long been utilized by pastor a lists inhabiting the area. 
         A system of water harvesting technique by diverting the water flow 
towards areas of silty soils suitable for agricultures has been used. 
          
 
 
 
 
 
 
 
 
 
 
 4-1-2 Arbaat Wells 
         Historically development of ground water from Khor Arbaat for Port 
Sudan water supply began as early as 1914 when two hand dug wells were 
constructed to a depth of 35 ft. However in 1928 the 2 wells were innovated 
by tunnels from the bottom of the two wells. Subsequently in 1941 and 1942 
two new open wells were dug and connected to drain tunnel. The yield from 
the 4 hand dug wells was about 5,000m3/day. In 1957 ten boreholes fitted with 
submersible pumps were completed to increase the water supply to 10,000 m 
3/day. 
         Due to the rapid town growth and the need for water supply, extra 7 
boreholes were drilled in 1963 and1964. This was followed by 7 and 4 
boreholes in 1971, 1972, and 1974 respectively. With the continuous demand 
for water to always need for drilling extra boreholes in Khor Arbaat .Up to 
date there are about a 100 boreholes and hand dug wells along the khor 
segment extending from the upper gate down to lower gate .however out of 
these 100 wells, only 21 are operational of which 19 ones supply water to Port 
Sudan town, while the remaining two boreholes (BH NO 50 and BH NO 52) 
are for observation. 
         Depth of the wells varies from 15 m to 26 m and mostly of 10 inch 
diameter. Depth to water in the varies directly with the time of the year and 
the pumping rates. The lowest water level is reached during the summer 
months (March to July) when it usually drops to about the bottom of the wells 
(dead storage level). 
         The boreholes are fitted with submersible pumps. The average pump 
yield is about 40 m3/ hour and with total manometeric head of about 30 m and 
with setting depth varying between 12 to 16 m from ground level. 
         Seven of these boreholes pump directly into the 12-inch pipeline known 
as the Eastern Line, while 11 boreholes pump into a 20-inch pipeline, known  
 as the Western Line. One borehole (BH NO 52) can pump alternatively into 
both lines. Table (4-1) shows inventory of the boreholes for Port Sudan water 
supply 
Table (4-1) Inventory of the boreholes for Port Sudan water supply 
BH 
No 
Ф 
(m) 
depth 
(m) 
Q 
(m3/day) 
Ec 
(mho)
delivery 
line inch 
Water 
level 
(m) 
drilling 
date 
37 11 24.9 900 1100 12  64/65 
82   1100  12   
67 10 19.8  1000 12 9.5  
61 10  750  12  73/74 
55 10  1200  12  71/72 
71 10  1800  20   
90 10  1100  20   
88   800  20   
79   1000  20   
36 11 25.2 900  20  64/65 
72   1200  20   
73   1800  20   
84   950  20   
70   700  20   
66 10  1100  20   
85 10  800  20   
64 10 21.7 650 1620 20 2.8  
58 10  1200 1250 20&12  71/72 
50    1150   71/72 
52 2 14.5    8.3 71/72 
                                                                                                                      {8}  
 4-1-3 Saraf Water  
         Due to shallowness of the channel of Khor Arbaat at the upper gate (30. 
m wide) ground water flows with a higher velocity, intersects with ground 
surface and runs on the surface as base flows, this water known as Saraf. 
         Before constructing the Upper Gate Dam, the base flow is perennial, at 
the upper gate but gradually recess and completely dies out before reaching 
the lower gate, but now the base flow is collected in the Upper Gate Dam. 
This mainly happens at the Khor during the rainy season and collected at the 
up stream of the upper gate. Where it is supposed to be treated sometimes by 
filtration effluent is transferred to the city via 20 and 12 inch pipelines. 
4-1-3 Dams and Reservoirs 
         There are three dams were constructed at the Khor Arbaat.Table (4-2) 
But, siltation and evaporation are represented greater problems to these Dams. 
• Fourth Reservoir 
• New Dam (Sea Port Corporation) 
• Upper Gate Dam   
 
           Table (4-2) Kor Arbaat Dams and Design Capacity  
 The Dam name Design Capacity (106 m3)
Fourth Reservoir 6 
New Dam (Seaport Corporation) 5 
Upper Gate Dam 16 
  
 
 
 
 
 
 
 4-2 Other Water Sources Near Port Sudan  
         There are some  khors around Port Sudan city, smaller, ground water 
resources already identified in the study area. However, only few 
investigations were so far carried out and there is a considerable lack of 
substantiated knowledge.  
         From south to north, these other resources are khor Sallom, khor Mog, 
and khor Salalab. The potential, not yet quantity wise proven, yield of theses 
Khors together may reach an order of magnitude 15million m3/year , but 
comprehensive investigations will be needed for defining in each case the 
long- term reliable yield. The design capacity of each khor is shown in table 
(4-3) 
 
    Table (4-3) Khors Sallom, Mog and Salalab data  
The khor 
name 
Catchments 
area (Km2) 
Proposed Dam 
Design capacity 
(106m3) 
Sallom 2300 - - 
Moj 300 Mog Dam 3 
Salalab 98 Salalab Dam 2 
                                                                                                       {10}  
 
 
 
 
 
 
 
 
 
 
 4-3   Population forecasting  
4-3-1 Rate of Growth 
          The rate of growth which is normally produced every ten years by the 
statisics experts is internationally known to go high as (2-8 ) % but rarely 
above this, then it will be considered to function in study  until another one is 
establised. 
 
4-3-2  Population-data field 
         The historical population data of Port Sudan city were found at  
Statistical Center official (Red Sea State), there are  three censuses were done 
by Sudan government in years 1973,1983 and 1993. 
In 1973: 
• Total population approximation 132,632. 
In 1983: 
• Total population approximation 202,417 and applicable growth rate 
5.5%. 
• Number of plots in plannrd areas 40000 to 42000 . 
• Average occupancy rate 7.2 persons per plot  
In 1993: 
• Total population approximation  was 306,836. 
• Growth rate was 5.2 %. 
 
Source: Statistical Center Offical of Red Sea State  
 
 
 
 
 
        Population in different areas in Port Sudan town can be summarized as 
shown in table (4-4). 
 
Table (4-4) Population census of Port Sudan town areas  1993 
 
Block Name Population 
number 
Block Name Population 
number 
 
Darelnaeem 20982 R.Salalab(B5) 703  
Elreiad 5117 Salalab (B7) 597  
Elsadaga 3331 R.Salalab(W) 2415  
Habela 6755 R.salalab 938  
Darelsalam 25337 Gadesia 11463  
Engaz (A) 6294 Um Elgura 6011  
Arkawit 966 R.Wehda(W) 1294  
Mergania 7512 R.Wehda(E) 4063  
West Kuria 5526 Flamango 372  
East Kuria 4723 Salabona 5619  
Olay 2265 Abuhashish 6317  
Dem Jaber 4365 Askela 1762  
Hy Elshajara 4216 Elthora (N) 7436  
Dem Suakin 5685 Elthora(E) 9363  
Hy Elbusta 1128 Elthora(W) 9336  
Hy Elshaty 1646 Elthora (S) 3324  
Hy Eljnain 1277 Dem  Myoa 21482  
Hy Elmatar 1255 Salalab (W) 11756  
Transeet 5118 Por Sudan(C) 3920  
Shahenat 2006 Seka hadeid 8039  
Hoshire 933 Madena(E) 6197  
Tuarteit 126 Hy Dabayoa 4173  
Klanaeib 240 Taradona 3418  
E.Salalab 18640 Hay Elazama 2057  
Elwehda 9488 Madena(W) 2305  
R.E.Salalab 2189 Hay Etagadm 6379  
Ongonab 6049 Dem Araab 4809  
     
     
Source : Statistical Center Offical  (Red Sea State). 
 
 
 
 4-3-3  Population projection 
(1) Geometric method 
     This method estimates by the following equation:  
Pn = Pt (1+(i/100))n 
Where 
Pt = number of population in base year 
Pn = number of population in projection year 
n = period time 
i =  growth rate population 
 
Projection in 2005: 
             P2005  =  P1993 (1+(1+5.2/100))12 
                     =306836(1+.052)12                                                                             
                     =563,762 
Projection in 2010: 
            P2020 = P2005(1+(5.2/100))5 
                     = 563762(1+.052)5 
                     = 726,398 
Projection in 2015: 
           P2015 = P2010(1+(5.2/100))5 
                   = 726398(1+.052)5 
                   = 935,952 
Projection in 2020: 
            P2020 = P2015(1+(5.5/100))5 
                     = 935952(1+.055)5 
                     = 1,223,252                                       
 
 
 
 Projection in 2025: 
             P2025 = P2020(1+(5.5/100))5 
                     =1223252(1+.055)5 
                     =1,598,742                                        
 
Projection in 2030: 
       P2030 = P2025(1+(5.5/100))5 
                    = 1598742(1+.055)5 
                    = 2,089,492                                    
 
Projection in 2035: 
            P2035 = P2030(1+(5.5/100))5 
                    = 2089492(1+.055)5 
                    = 2,730,884 
Population forecasting may be summarized as shown in table (4-50 and      fig 
(4-1)   
                                    
     Table (4-5) Population forecasting (2005-2035) by geometric method  
Year Population 
2005 563762 
2010 726398 
2015 935952 
2020 1223252 
2025 1598742 
2030 2089492 
2035 2730884 
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Fig (4-1) Population forecasting by geometric method 
 
 
 
 
 
 
 
 
 
 
 
 
 4-4 Water requirements of Port Sudan   
4-4-1 Residential Water Requirements  
      This study shows that per capita consumption of water with housing 
categories of Port Sudan town is as shown in table (4-6)& (4-7):  
   
Table (4-6) Housing category and water consumption per capita 
Housing category  Population 
Distribution%  
Water consumption 
per capita 
 
First class 
 
 
11.5 
 
100 L/C/d 
 
Second class 
 
 
23.5 
 
65 L/C/d 
 
Third class 
 
 
65 
 
50 L/C/d 
 
 
• Population consumption = capita consumption * Number of population 
 
 
Table (4-7) Residential water consumption (2005-2035)   
 
Water 
requirements  
m3/day 
2005 2010 2015 2020 2025 2030 2035 
First Class 
 6484 8354 17064 14068 18386 24030 31406 
Second Class 
 8612 11096 14297 18686 24421 31917 41715 
Third Class 
 18323 23608 30419 39756 51960 67909 88754 
Total  
requirements  35419 43058 61780 72510 94767 123856 161875
Maximum of 
water 
requirements(1.2) 
42503 51670 74136 87012 113721 148628 194250
 4-4-2 Institutional and Administrative water requirements 
        The main consumer types in this group and their water requirements in 
Port Sudan were assessed in the following manner.  
1. Educational Establishments 
    For educational establishments requirements assuming specific demand 
figures of 4 l/c/day in the normal case and of 20 l/c/day in the case of 
boarding schools, training centers, etc., with increases to 15 l/c/day and 40 
l/c/day, respectively, over the planning period.(see tables 4-8, 4-9, 4-10) 
Table (4-8) School and student's number  
 
Stage 
 
 
Schools Number 
 
Students Number 
 
Base 
 
124 
 
64480 
 
Secondary 
 
22 11667 
 
Total 
 
146 
 
76047 
 
Table (4-9) Schools Consumption   
Case Consumption l/c/d  Student 
Distribution%
Consumption 
m3/d 
Normal Boarding 
school 
4  70 ≈ 213 
others  20 30 ≈ 457 
 
Total 
   
670 
 
 
Table (4-10) Consumption forecast for schools up to 2035  
 
Year 2005 2010 2015 2020 2025 2030 2035 
Water 
Consumption(m3/day) 
670 1170 1670 2170 2670 3170 3670 
 
 2. Health Establishments 
         On the basis of survey regarding the existing facilities and the number of 
beds, considering 300-500 l/bed/d in 2005 up to 2035. Tables (4-11,4-12 can 
be found. 
           Table (4-11) hospitals and bed numbers  
Hospital Number of beds 
Public Port Sudan 203 
Paediatric 95 
Sea Ports Corporation 123 
Obstetrical 73 
Other Hospitals 300 
Total 794 
 
 
Table (4-12) Health Establishment consumption up to 2035 
Year 2005 2010 2015 2020 2025 2030 2035
Water 
Consumption(m3/day) 
397 574 819 1161 1633 2286 3223
 
 
 
3. Police and Prison Establishment 
          Those are included in the residential demand. 
 
4. Government Utilities 
         According to available figures, the number of employees is about 9.2% 
of the estimated population; this proportion has been assumed as invariable 
and specific requirements were set at 50 to 115 L/em/day, in 2005 up to 2035. 
see table (4-13) 
 
  
Table (4-13) Government utilities consumption up to 2035 
Year 2005 2010 2015 2020 2025 2030 2035 
Water 
Consumption(m3/day) 2593 4077 6200 9341 13826 20185 28892
 
 
5. Military Constitutions 
          The actual requirements were estimated as 2005 as 3000 m3/day, with 
projected requirements of 18,000 m3/ day in the year 2035. See table (4-14) 
 
Table (4-14) Military Constitutions water consumption up to2035 
Year 2005 2010 2015 2020 2025 2030 2035 
Water 
Consumption 
(m3/day) 
3000 4045 5455 7355 9915 13365 18000
 
 
6. Sudan Railways 
          The actual requirements for the Railways premises were assumed as             
160 m3/ day with growth rate of 9.2% (rate of growth of employment in Port 
Sudan town). See table (4-15) 
 
 Table (4-15) Railways water consumption up to 2035 
Year 2005 2010 2015 2020 2025 2030 2035 
Water 
Consumption 
(m3/day) 
160 250 390 605 940 1460 2270 
 
 
 7. Port Sudan AirPort        
         Port Sudan Airport requirements were estimated as 500m3/day with                  
growth rate of 5.2% (rate of population growth). The airport consumption up 
to 2035 can shows as in table (4-16) 
         (Source: Civil Aviation Corporation)  
 
 Table (4-16) Port Sudan Airport consumption up to 2035 
Year 2005 2010 2015 2020 2025 2030 2035 
Water 
Consumption 
(m3/day) 
500 645 835 1,075 1,385 1,785 2,300 
 
8. Harbour Facilities 
          The actual water requirements were estimated as 5,000m3/day, of 
which some 2700 m3/ day personnel-related demand and about 2300 m3/ day 
for ships. The growth rate was assumed to be equal to the growth rate of the 
employment in the port. See table (4-17) 
 
Table (4-17) Harbour Facilities consumption up 2035 
Year 2005 2010 2015 2020 2025 2030 2035 
Water 
Consumption 
(m3/day) 
5000 6445 8305 10700 13790 17770 22900
 
9. Power Stations 
        The actual water requirements were estimated as 45m3/day, water needs 
since for cooling engines. Power stations water requirements will be stable up 
to 2035, because a high tension transmission line from Merawi dam to Port 
Sudan will be constructed.  
  
  
Table (4-18) Power Stations Description 
Station Engine number 
Installed 
load 
MW 
Available 
load MW 
Operation 
requirements 
T/day 
Services 
Requirements
T/day 
A 30 30 24 5 2 
B 6 5.35 2.16 1 1 
C 3 17.1 12 10 15 
D 3 6.9 4.8 6 5 
Total 42 59.35 31.96 22 23 
 
• Source: National Electricity Corporation (Port Sudan).  
• Total water consumption = 45 m3/day.  
          
Table (4-19) Power Stations consumption up to 2035 
Year 2005 2010 2015 2020 2025 2030 2035 
Water 
Consumption 
(m3/day) 
45 60 80 105 135 175 225 
 
10. Port Sudan Refinery 
           The actual requirements for Port Sudan Refinery were estimated as 
800-1000 m3/day; but now are reduced to 650-800 ton/day due to construction 
of Sea water desalination unit (B). 
Source: Port Sudan Refinery Ltd  
 
Table (4-20) Port Sudan Refinery consumption up to 2035 
Year 2005 2010 2015 2020 2025 2030 2035 
Water 
Consumption 
(m3/day) 
800 1040 1352 1758 2285 2970 3862 
 
 
 
  
        In summary, the net water requirements for the institutional and 
administrative establishments in Port Sudan can be listed in table (4-12): 
 
Table (4-21) Institutional and Administrative water requirements 
 
Water demand in (m3/day) 
 
 Port Sudan 
Consumer Type 
2005 2010 2015 2020 2025 2030 2035 
 Educational 
Establishments 670 1170 1670 2170 2670 3170 3670 
 Health 
Establishments 397 574 819 1161 1633 2286 3223 
 Police and Prison 
Establishments Not considered 
 Government 
Utilities 2593 4077 6200 9341 13826 20185 28892
 Military 
Constitutions 3000 4045 5455 7355 9915 13365 18000
 Sudan Railways 160 250 390 605 940 1460 2270 
 Port Sudan Air 
Port 500 645 835 1075 1385 1785 2300 
 Harbour 
Facilities 5000 6445 8305 10700 13790 17770 22900
 Power Stations 45 60 80 105 135 175 222 
 Port Sudan 
Refinery 800 1040 1352 1758 2285 2970 3862 
 Total 13165 18306 25106 34270 46579 63166 85339
 
 
 
 
 
 
 
 
 4-4-3 Industrial and commercial water requirements  
          The actual net demand for water in the industrial and commercial sector 
in Port Sudan was assessed on the basis of a site survey among all major 
industrial establishments. Subsequently, the industrial growth rate was 
estimated as 1000m3/year, with total requirements in 2005 as 15,000 m3/day. 
    
Table (4-22) Industrial and commercial water requirements 
 
Year 
 
2005 
 
2010 
 
2015 
 
2020 
 
2035 
 
2030 
 
2035 
Consumption 
water m3/day 15000 20000 25000 30000 35000 40000 45000
 
4-4-4 Water uncounted-for 
         The uncounted water is also not well known, but a percentage of 30% to 
15% of the whole production will be considered.  
4-4-5 Total water requirements in Port Sudan town  
         On the basis of the foregoing evaluation, the total water requirements in 
the study area (Port Sudan) can be summarized as table below. 
 
Table (4-23) Final total net requirements  
Consumption 
m3/day 2005 2010 2015 2020 2025 2030 2035 
Residential 
 
 
42,503 
 
51,670 
 
74,136 
 
87,012 
 
113,721 
 
148,628
 
194,250
Instit., admin 
 13,165 18,306 25,106 34,270 46,579 63,166 85,339 
Industrial., 
commerce 15,000 20,000 25,000 30,000 35,000 40,000 45,000 
Total, net 
requirements 70,668 89,976 124,242 151,282 195,300 251,794 324,589
Losses % 30% 21,201 
30% 
26,993 
30% 
37,273 
20% 
30,257 
15% 
29,295 
15% 
37,770 
15% 
48,689 
Total gross 
requirements 91,869 116,969 161,515 181,539 224,595 289,564 373,278
 
 4-5 Port Sudan existing water supply system 
4-5-1 The production of source 
         The source of water for the city of Port Sudan is Khor Arbaat which lies 
some 40 Km of the city. Both surface and ground water are utilized by the city 
and Quantity is greatly influenced by the rainfall. It may go over 30.000 
m3/day or drop to some 20 m3/day, which depends largely on the volume and 
duration of the annual flood and accumulation of recharge through a longer 
time scale. 
There are five types of sources: 
1. Saraf  
Saraf Water base flow is perennial in the order of 80 to 200 per sec, 
mainly this daily flow depend on the rainy season. The average quantities of 
Saraf water is 6.440000 m3/ year. 
            Table (4-24) Average monthly Saraf volumes of Khor Arbaat 
Month Quantity m3/month 
January 541,000 
February 571,000 
March 630,000 
April 703,000 
May 520,000 
June 414,000 
July 403,000 
August 473,000 
September 495,000 
October 510,000 
November 567,000 
December 613,000 
                                                                                                                                {10} 
 
 2. Wells 
Approximately 100 wells have been drilled since the first tapping of the 
aquifer in 1943, but at present only 21 are in service. Water depths are in the 
range (11-13 m) from ground surface. Pumps are located at                   (16-12 
m) depths of the 21 wells, 19 are in operation, and two are for observation. 
Pumps are electrically driven; discharge for each is 40 m3/hour at a 
head of 30 m. they operate for 24 hours a day when the power supply is 
stable. Seven of them pump into the eastern 12-inch line; eleven pumps into 
the 20-inch line and one well is pumping into either of the lines as required.               
The total production of these wells may reach up to16.000 m3/day       (table4-
25). The wells quantity per month is about 480,000 m3 and per year 6.2*106 
m3. 
  
Table (4-25) Daily water pumping from wells 
Boreholes No 
Production 
m3/day 
Boreholes No 
Production 
m3/day 
37 900 72 1200 
82 1100 73 1800 
67 800 84 950 
61 750 70 700 
55 1200 66 1100 
71 1800 85 800 
90 110 64 650 
88 800 58 1200 
79 1000 50 (observation) 
36 900 52 (observation) 
                                                                                                                                          {8} 
 
 
 
 3. Flood water 
          Floodwater is contained in the three reservoirs and dams 
  
a. Fourth Reservoir, (design capacity is 6 million meters cubic) 
b. Sea Port Corporation Dam, (design capacity 5 million meters 
cubic) 
c. Upper Gate Dam , (design capacity 16 million meters cubic ) 
                                (See table 4-26) 
 
Table (4-26) Upper Gate Dam operation study tabulation  
Month Elev.m Storage 
(106) 
m3 
Area 
 (102) m2 
Eva 
& 
Seeps(106)m3 
Abs 
(106) 
m3 
Inflow 
(106)
m3 
Net 
Storage 
(106)m3 
9  231.0 16.5 2.20 0.57 1.20 0 14.73 
10 230.0 14.73 2.10 .42 1.24 0 13.07 
11 229.4 13.07 2.0 .32 1.2 0 11.55 
12 228.2 11.55 1.75 1.28 1.24 0 10.03 
1 227.5 10.03 1.60 0.25 1.24 5.0 13.54 
2 229.6 13.4 2.0 0.13 1.12 0 12.11 
3 228.6 12.11 1.8 0.39 1.24 0 10.48 
4 227.4 10.48 1.6 0.38 1.20 0 8.90 
5 226.8 8.90 1.44 0.41 1.24 0 7.25 
6 225.4 7.25 1.25 0.39 1.20 0 5.66 
7 224 13.91 1.0 0.70 1.24 8.25 11.97 
8 228.8 16.5 2.2 0.68 1.24 8.25 14.58 
                                                                                                         {11} 
  
 
 
 
 
          The maximum water quantities from Saraf, Upper Gate Dam, and Wells 
are shown in table (4-27). 
       Table (4-27) Sources and quantity water production 
Water resources 
Quantity water 
(106)m3/year 
Notice 
Wells 6.2 Constant pumping 
Saraf 6.44 Depend on rainfall 
High upper gate 
Dam 
12.43 
Depend on inflow from 
watershed ,Evaporation 
and Siltation decreases the 
storage capacity   
Total  25.07 Shortage water 
 
 
4-5-2 Quality of existing sources  
        Six typical water samples collected from different locations in the Khor 
Arbaat and city network were analyzed for physical and chemical water 
quality parameters at the sanitary laboratory of University of Khartoum. 
         The result of tests indicated that the water supplies from Arbaat (well 
field, Saraf and reservoir) are generally very hard water with TDS above the 
permissible limit. Table (4-28) shows the result of analysis of six samples of 
water.   
          
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table (4-29) and table (4-30) summarize the quality of water for the typical 
two samples (Boreholes 66 and Tap water): 
 
Table (4-29) Summaries of water quality (Borehole 66) 
Parameters Borehole no (66) Permissible Remarks 
Turbidity  1.32 mg/l 10 mg/l In permissible 
range 
Suspended Solids 
mg/l 
1 mg/l  Under 300mg/l  In permissible 
range  
Total Hardness as 
(CaCO3) mg/l 
294 mg/l 250 mg/l Hard water 
TDS mg/l 840 mg/l 500 mg/l Excessive 
mineral salts 
pH mg/l 7.25 mg/l 6.5 - 8.0 Natural 
Chloride mg/l 96 mg/l 250 mg/l Sea water 
intrusion is 
negligible  
 Sulphate mg/l 129.7 mg/l 200-250 mg/l In permissible 
range 
Nitrate mg/l 4.43 mg/l Under 10mg/l In permissible 
range  
 
 
 
 
 
 
 
 
 Table (4-30) Summaries of water quality (Tap water) 
Parameters Tap water Permissible Remarks 
Turbidity (NTU) 1535 Under 5 NTU 
High 
Due to flood 
Suspended Solids 
mg/l 
560 Nill 
High 
untreated 
Total Hardness as 
(CaCO3) mg/l 
273 Under 300mg/l 
Mixing with 
flood water 
TDS mg/l 650 500 
Mixing with 
flood water 
pH mg/l 6.66 6.5 - 8.0 Natural 
Chloride mg/l 66 250 mg/l 
Sea water 
intrusion is 
negligible 
Sulphate mg/l 167.4 200-250 mg/l 
In permissible 
range 
Nitrate mg/l 2.23 Under 10mg/l 
In permissible 
range 
 
4-5-3 Existing water treatment at the source 
 There are two treatment plants. However, they are out of order.  
4-5-3-1 Filters   
         A slow sand filter has been constructed to treat the Saraf water and 
another one of 2500 m3/day capacity has been added during the eighties.  
           This filter is being protected against floods action during the dam 
construction, but due to the absence: of regular maintenance, floods causing 
serious erosion of the dam and the walls of the filters with large parts have 
fallen into the filter rendering it unserviceable.  
          Practically, water is at present transferred untreated. However, two slow 
sand filters with dimension (100*50 m with reinforced concrete) are 
constructed south of old filters. The total design capacity for these two filters 
is10, 000m3/day. All slow sand filters are out of order. 
 
4-5-3-2 Chlorine injection 
         Chlorination for both surface and ground water is practiced in the least 
effective way. The method used is dripping chlorine from barrel into the 
transmission line which is backward way of chlorination. 
         There is no chlorine monitoring anywhere down stream the system, so 
this reflects the unhealthy supply of water to the city of Port Sudan. 
 
4-5-4 Water transfer line  
         Water from the wells is collected in A.C 4 in, 6 in and 8 in. pipes to the 
transfer lines of 20 in, three lines of 12 in and a 9 in line. The last one is 
reduced to 8 in at kilo 7. As mentioned earlier, Saraf and water from the 
Reservoirs are also pumped into the 20 in. and the eastern 12 in lines. 
         All transfer lines are interconnected at kilo 22 where valves are installed 
to monitor and regulate surface and ground water for continues feeding of 
water to various parts of the city even in the absence of either source for one 
reason or the other. {8}  
 
4-5-5 Ground Reservoir Inside the city and capacity 
          There are six ground water reservoirs in side the City of Port Sudan 
from which water is distributed to the different locations by pumping systems. 
The main with the reservoirs is siltation which is drastically reduces the 
storage capacity, another problem but not impossible to solve is maintance, 
overhauling and in general, keeping the pumps in goodc workable condition, 
ground water reservoirs capacities are as shown  in table (4-31) 
 Table (4-31) Ground reservoirs capacities 
Reservoir name Design capacity m3 Effective capacity m3 
Water Corporation H.Q. 7,500 5,000 
City Center 2,500 2,000 
Railways 15,000 7,500 
Askila 15,000 12,000 
Salalab 2,500 2,500 
Elthawrat 2,500 2,500 
                                                                                                                 {8} 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 4-6 Proposed future water projects 
          There are some proposals to solve the problem of Port Sudan water 
supply. There can be summarized as follow: 
 
4-6-1 Water from River Nile at Atbara  
         This project is to supply the city by 100, 000 m3 / day from the Nile 
River at Atbara. The pipe line project from Atbara (level 343.35) to Port 
Sudan is about 472 Km. 
         The pipe line project passes through Red Sea Mountains, which are 
needed to several pumping stations.  
         The pipe line passes through different cities and others location parallel 
to railway and the petroluim pipe line. The cities are Hia, Musmar, Sinkat, 
Sallom and Port Sudan. Fig (4-2) 
        The highest level of the pipe line is 927.2 m above mean Sea level, from 
Summit to the coastal, water flow in the pipe line is by gravity. Thus, the pipe 
line consists of two stages: 
 
•  First Stage:  Atbara-Summit    
                                  Length of pipelines: 240 km 
                                  Pipelines diameter:  1200 mm 
                                 Velocity of flow:      1.02 m/sec 
 
•  Second Stage:  Summit – Port Sudan   
                                           Length of pipelines: 232 km 
                                           Pipelines diameter:  800 mm 
                                           Velocity of flow:     2.3 m/sec 
 
           The cost of the project pipeline with treatment plants at Atbara is about 
183,583,200 dollar, and the operation cost up to 30 years it is about 
371,774,700 dollars. {10}  (See tables 4-32 and 4-33) 
          A contract was singed between government and a Chinese Construction 
and Building Company. 
Source: Ministry of Finance and Economy 
 
Table (4-32) Assessment cost of the pipeline water project from River Nile at 
Atbara  
Description  work Cost in $ 
Pipeline  113,592,000 
Construction  1,274,000 
Power Stations  15,720,000 
Pumping Station (13.1 MW) 2,400000 
Treatments Plants  20,000000 
Total 152,983,000 
20% others 30,597,200 
Gross Total  183,583,200 
                                                                                      {10}   
• 20% includes (preparation in Port Sudan city, joints, valve control 
and different civil work on path line ) 
Table (4-33) Power and Operation cost for pipeline per year 
Description  work Cost(year) $ 
Pumping cost 6,885,000 
Maintenance and management cost 5,507,490 
Total per year 12,392,490 
Power and operation cost up to 30 year 371,774,700 
                                                                                                  {10}   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 4-6-2 Red Sea Water Desalination 
         Desalination of sea water is used by some communities adjacent to sea 
where local fresh waters are not available.   
           Red Sea water desalination is second proposal to solve the problem of 
Port Sudan water supply. But desalination plant has high construction, 
operation and maintenance costs. 
Existing desalination plants for Red Sea water: 
          There are two plants for Red Sea desalination in Port Sudan town. 
There are plant (A) and plant (B). their capacities are shown in table (4-34).   
 
Table (4-34) Existing desalination plants capacities  
Existing Desalination Plants   Design Capacity (m3 ) 
Desalination plant (A) (Dim Mayo)  10,000 
Desalination plant (B) ( near Refinery) 2,500 
Source: The desalination plant (A)  
 
The quality of water from plant (A) can be summarized as shown in tables   
(4-35), (4-36).  
 
     Table (4-35) pH values result for Red Sea water desalination plant (A)                
Samples taking site pH value 
 From Red Sea 8 
After Acid 6.8 
After units treatments 6 
To Consumer  7.5 
                            Source:  The desalination plant (A)  
 
                   Table (4-36) TDS result for Red Sea water desalination plants  
TDS ppm Samples taking site 
72,000 Drilling Well 
40,000-42,000  From Red Sea 
270 After treatment 
< 500 WHO Permissible 
                   Source: The desalination plant (A)  
*Water desalination production costs were assessed as in table (4-37): 
                 Table (4-37) Water desalination production cost  
Country Meter cubic cost per $ 
Saudi Arabia 0.6 
Iran 2.5 
Egypt 2.5 
International assessment 0.75-2.5 
                                                                                                      {10}   
  
 There are  two studies for Red Sea water desalination process 
• Kuljian (1993)  
U.S.A company carried out a study for desalination plant for Port 
Sudan:- 
a. Water production:  40,000 m3/day, with power production 120 MW  
b. Construction cost:  300 million dollar (energy use natural Gas)    
                                          340 .3 million dollar (energy use heavy Oil) 
c. Meter cubic cost:    1.97 dollar (energy use natural Gas)     
                                           2.33 dollar (energy use heavy Oil) {10} 
    
 • Dulaimy ( BOT SYSTEM) 
a. Water production:  50,000 m3/day 
b. Construction cost:  150 million dollar  
c. Meter cubic cost: 0.96 dollar {10}    
  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 4-7 Discussion  
                  From table (4-28) the quality of water from the well filed (shallow 
wells) is characterized by the increasing concentrations to total dissolved 
solids (TDS) from the upstream to the downstream of the basin. 
         Average TDS concentration is about 800 mg/l which is higher than the 
permissible limit for drinking water according to WHO standard (500mg/l). 
TDS is likely to increase with the depletion of wells at the late month of 
summer reason. 
         The increases of (TDS) in Khor Arbaat (wells, Saraf and reservoirs), 
indicates that there is no chemical injection for treatments.   
         From table (4-28) Saraf is characterized by the increasing concentration 
in suspended solids, the cause of silt accumulation in storage reservoirs in Port 
Sudan city.       
        The results of Suspended solids indicate that the suspended solids carried 
over through the Saraf collectors in Arbaat basin into pipelines conveying 
water to Port Sudan city. 
         From table (4-31) it can be said that a present siltation is a problem that 
decreases the carrying capacity of pipelines and the storage capacity of city 
reservoirs. 
      The increase of Suspended solids in storage reservoirs and tap water 
indicates that there are no filtration . 
         Previously there were slow sand filters to treat Saraf water from 
suspended solids, but these filters were washed out by flood water. 
         The result of turbidity analysis shows that it is higher in tap water 
(sample taking in rainfall and flood season). This indicates that water gets into 
city without treatment. 
 
 
         For the shallow wells and  deep wells results of  Hardness, show higher  
salts of calcium and magnesium, which are dissolved in water during its 
passage through the ground with rich mineral contents. 
         From table (4-28) it can be said that waters of Khor Arbaat have high 
dissolved salts, shallow and deep wells water is usually harder than Saraf 
water. 
         Also this result shows that there is no softening plants for hardness 
treatment.   
         This hard water promotes corrosion of pipelines and plumping fixtures 
leaves deposits on clothes and make laundering difficult with excessive waste 
of soap. 
         It causes scales on boilers and thus has adverse effects on industries 
utilizing boilers. In such case water shall be softened. Hard water produces 
intestinal troubles in human bodies and need more fuel and time to cook. 
There is loss of tenderness and palatability of vegetables and meat cooked in 
it. 
         From pH results, the water is medium alkaline, this results agree well 
with pH range for them (6.5-8.5). {4} 
Water stored in this reservoir is turbid, because recently slow sand filters were 
washed out by flood water. However, there is an acute water quality problem 
occurred this year 2005 /2006 at Fourth Reservoir. Due to the heavy 
extraction from this reservoirs water level dropped from 12 m to 2m, Salinity 
at this level increased substantially due to the interaction between the stored 
surface water and the shallow ground water aquifer. 
        On the other hand, small fish and other living aquatic organisms being 
unable to tolerate the sudden increase in salinity level died, creating 
unfavorable water quality condition (Organic pollution).  
It seems that the main problem with the reservoirs is siltation which is 
drastically         
          The existing method of applying chlorine has to be unsatisfactory in 
order to cater for bacteriological problems of water from the source and from 
the distribution network. 
       Water quality of the existing source (Arbaat) is tending to be hard, and 
suspended solids with turbidity cause siltation on pipelines and storage tanks. 
         From tables (4-32), (4-33) and Kuljian (1993), Dulaimy (BOT system) 
studies it can be said that Red Sea water Desalination have high costs than 
water Pipeline from River Nile at Atbara.  
         This study shows that the most feasible source for sustainable supply of 
water to the town is from River Nile. Because construction cost is suitable and 
provided 100,000 m3 day to Port Sudan town and other locations. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 CHAPTER 5 
Conclusion and Recommendations 
 
5-1 Conclusion 
 
1. Population estimate in 2005 was about 600,000 inhabitants 
2. The quantity of water available in the city for domestic 
consumption amounts to 45/l/c/day, but the figures 100, 65 and 
50 l/c/d were assumed for residential water requirements.   
3. The water demand estimated at 2005 was about 92,000 m3/ day. 
Water production from Khor Arbaat is about 45,000 to 30,000 
m3/ day; the water deficiency is about 45,000m3/day. 
4. The existing facilities for water supply show serious deficiencies 
in months May, June, July, and August. In general, the demand 
for water exceeds its availability and the over all situation of the 
city is characterized by regular shortages, which result in bad 
environmental conditions. 
5. Port Sudan main source of water supply is Khor Arbaat from 
which water is extracted with different methods; supply from the 
Saraf, Shallow dug wells, deeper boreholes and surface reservoirs 
are the main method. 
6. Water production is dependent on rain fall at catchments area of 
Khor, this production is about 14million cubic meters per year, 
 but the present gross demand water of town equal to 35million 
cubic meters per year, denotes that the water in the sources is not 
enough to satisfy the requirements. 
7. Water from Khor Arbaat gets into the city without any treatment. 
The quality of water is rather hard with hardness > 250mg/l as 
CaCo3 
8. One of the immediate solutions for Port Sudan water supply 
problems is supplying the city from (472 km). This source can 
provide 100,000 m3/ day to Port Sudan town and other locations 
at a cost of about 345 million$ . 
9.  The present source of water (Khor Arbaat) can be utilized for 
nearby locations to Port Sudan together for irrigation of farms 
and for animals.    
 
 
 
   
 
 
 
 
 
 
 
 5-2 Recommendations 
  
• Water treatment plant & pipeline from River Nile are priority for Port 
Sudan Town.   
• Studies development of Khor Arbaat sources such as hydrological 
monitoring etc is highly recommended.  
• Water distribution network for Port Sudan should be assessed and 
rehabilitated. 
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 Appendix A: Meteorological Data 
 
  A.1 Annual Rainfall at Port Sudan 
Year Rainfall 
(mm) 
Year Rainfall 
(mm) 
Year Rainfall 
(mm) 
1941 72.2 1960 168 1979 94.2 
1942 58.3 1961 120.5 1980 13.3 
1943 75.1 1962 238.6 1981 11.5 
1944 104.5 1963 141.6 1982 101.4 
1945 40.9 1964 60.7 1983 TR 
1946 9.7 1965 152.3 1984 98.2 
1947 - 1966 96.8 1985 - 
1948 - 1967 34 1986 - 
1949 180.4 1968 183.2 1987 0.5 
1950 170.5 1669 42.9 1988 9.9 
1951 155.8 1970 62.9 1989 64.9 
1952 84.1 1971 113 1990 49.5 
1953 40.7 1972 74 1991 107.5 
1954 25.5 1973 12.9 1992 113.2 
1955 32.7 1974 19.4 1993 240.8 
1956 57.4 1975 98.4 194 34.2 
19157 12.2 1976 127 1995 - 
1958 95.3 1977 71.5 1996 53.5 
1959 112.3 1978 84.1   
                                                                                                 {9} 
A.2 Mean Daily Evaporation at Port Sudan {10}                                                
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
3.2 3.5 5.0 6.0 7.1 8.7 9.1 8.1 6.6 4.5 3.4  3.1 
 A.3 Khor Arbaat catchments area daily Maximum rain fall 
Year Flow rates m3/s Year Flow rates m3/s
1943 47.3 1967 10.0 
1944 49.6 1968 32.0 
1945 11.9 1969 16.0 
1946 40.0 1970 28.5 
1947 70.5 1971 33.1 
1948 17. 6 1972 33.0 
1949 104.7 1973 4.5 
1950 106.2 1974 17.8 
1951 74.6 1975          60.7 
1952 20.4 1976 42.0 
1953 6.0 1977 43.3 
1954 6.5 1978 56.0 
1955 8.3 1979 58.0 
1956 20.4 1980 6.0 
1957 11.5 1981 3.7 
1958 19.5 1982 46.5 
1959 20.2 1983  
1960 42.0 1984 43.0 
1961 56.2 1985 24.8 
1962 51.4 1986 26.8 
1963 38.6 1987 10.0 
1964 21.7 1988 6.4 
1965 39.7 1989 16.8 
1966 31.2 1990 29.2 
                                                                                                                      {8}      
 
 A.4 Khor Arbaat Annual Maximum Flow Rates 
 
Year Flow rates m3/s Year Flow rates m3/s 
1956 0 1972 230 
1957 0 1973 335 
1958 93 1974 0 
1959 347 1975 334 
1960 227 1976 308 
1961 176 1977 141 
1962 142 1978 1229 
1963 111 1979 741 
1964 159 1980 250 
1965 0 1981 230 
1966 186 1982 249 
1967 20.2 1983 1229 
1968 0 1984 230 
1969 31 1985 140 
1970 404 1986 0 
1971 305 1987 358 
                                                                                                                      {8} 
                            
 
 
 
 
 
 
 
 Appendix B: Results for others population forecasting methods  
 
B.1 The different results for five population forecasting methods   
 
 
 
 
 
 
Year Geometric Exponential Incremental Arithmetic Extension
2005 563762 572673 496594 432142 660000
2010 726398 742717 602944 484350 855000
2015 935952 963252 735349 588770 1065000
2020 1223252 1249271 900194 693190 1305000
2025 1598742 1620217 1105429 745400 1590000
2030 2089492 2101308 1360949 797610 2010000
2035 2730884 2725249 1679069 849820 2490000
